In this work, a variant of the method of the multicriteria alternative choice ELECTRE, which allows taking into account uncertainties of expert estimates, was developed and studied. The modified method ELECTRE was tested on a problem solution of the logistics management transportation system "point of departure -point of destination". The suggested approach can increase the effectiveness of logistic management of goods delivery transport systems and reduce delivery time.
Introduction
Although logistics has deep historical background, it is a rather young science. It developed significantly during World War II when it was applied to solving strategic tasks and organizing a successful cooperation of defense industry, rear supply bases and transport for providing troops. The concepts and methods of logistics began to be also applied in the civilian sector in the following years.
Logistics as a science and as an area of practical knowledge is of a great value nowadays. The activity in the field of logistics includes different areas: management of transport, warehousing, inventory and personnel management, organizational and information support, commercial activity and many others. It is difficult to determine more or less significant areas in the list above because a logistic system can be only a uniform system for delivering materials. A transport system or transport logistics provides such a unity, increasing concurrency of direct participants of logistic processes. The tasks of transport logistics are:
-creation of transport corridors, -choice of a type of transport, -choice of a cargo transport route, -timetable scheduling.
The analysis of this list shows that 1 st , 2 d and 3 d tasks can be solved by means of the graph theory, the methods of network planning, and the combinatorial theory. However, a task of choosing a transport type is a task of a multicriteria alternative choice for which these mathematical methods cannot be used because of their characteristics (Kosko, 1992) .
The analysis of various works on transport logistics has shown that mathematical models of a transport type choice are not explained thoroughly. It is enough to use some numerical estimates which are, in most cases, limited to a set of criteria. Such approach does not consider at all uncertainty of expert estimates, different physical and logical meanings of used criteria -for example, cargo delivery speed can be presented by a numerical characteristic, and the cargo safety condition can be presented by a verbal characteristic such as "high, average, low".
It should be noted that, for experts estimating a type of transport, verbal estimates can be more convenient. In this article, a model of a transport type choice in logistic systems is considered, taking into account uncertainty factors.
Problem description
As noted in the introductory section, the task of a choice of a transport type for logistic system creation can be presented as a task of a multicriteria alternative choice where the alternatives are automobile, railway, air, and water (river or sea) means of transport. The following criteria are usually used (Lubentsova, 2008) :
-speed of cargo delivery, -expenses of cargo delivery,
-frequency of departures, -safety of cargo, -dependence on climatic conditions, -reliability of timekeeping, -ability to transport different freights, -territorial availability.
It is easy to see that only three criteria can be calculated by numerical estimates for a concrete type of transport, while other criteria can be calculated in a marking system with a scale chosen in advance, or by verbal estimates such as "low, average, high".
Thus, there is an uncertainty in the system of criteria estimates having obviously expressed non statistical nature. That is why the standard task of a multicriteria alternative choice is transformed to a task of the best alternative choice with no statistical uncertainty of criteria estimates.
Different criteria like Wald's, Gurvit's, Bayes-Laplace's and Sevidzh's criteria are usually used for decision making in the conditions of uncertainty. It should be noted that their correct application is caused by certain conditions which are rather far from practice of logistic systems; besides, they cannot work with verbal estimates. The usage of the fuzzy sets theory will be the most suitable in this situation.
The most often used methods of a multicriteria alternative choice are based on the calculation of an integral estimate of alternatives by all sets of criteria. As it was already noted, the criteria of estimation of a transport type have different physical and logical nature; therefore, the correctness of integral convolution demands additional proofs. In these conditions, it is more preferable to use methods in which the choice of the best alternative is based on determining the relations of preference between alternatives, in particular the ELECTRE (Roy, 1996) method. At the same time, the standard ELECTRE method does not assume an uncertainty of criteria estimates.
Decision making procedure
The structure of a choice of a transport type for a logistic system is presented in Fig. 1 : It is necessary to give a set of marks of criteria compliance to each transport type, to define the criterion weight and the length of the corresponding scales. The specified task parameters are estimated in the expert way, so they will be represented as fuzzy numbers.
For this purpose, it is necessary to create a term set of variables and the corresponding verbal-numeric scales (Tab. 1). It can be noted that the numerical values given in Table 1 as well as in other tables have a conditional character. However, this circumstance does not affect the obtained results. A fuzzy set is determined for each linguistic variable with a membership function set on the corresponding interval, e.g. for the linguistic variable "safety of cargo" = {low, medium, high} = {µ H (x),µ ср (x),µ В (x),x }. One of the types of a membership function is presented in Fig. 2 . This type of a membership function is chosen only because of the simplicity of graphical presentation. Other types are also possible, but with an obligatory implementation of the rules of a membership functions creation (Malyshev, et al., 1991) . An expert determines a corresponding linguistic variable based on concrete criteria for each type of transport.
In the ELECTRE method, it is necessary to set the criterion weight and length of the corresponding scales, except for the estimates of criteria compliance. Defining the criterion weight is a task which always causes many questions (Venttsel, 1972) .
The usage of the paired-comparison method with the subsequent calculation of the evector coordinates allows checking of, at least, the correctness of the creation of matrixes by calculating the conformity relation. However, the method is rather time consuming. Besides, as shown in research works (Tutygin, Boxes, 2010) , for a large number of criteria, it is rather difficult to provide the established value of the conformity relation. Therefore, despite all shortcomings, expert estimates of values of the criterion weight are still popular and they are also used in the ELECTRE method.
In this research, the expert estimates of scales are presented in the form of fuzzy numbers for the account of uncertainty. The scale length in the ELECTRE method is a particular large-scale coefficient at which various criteria are leveled. A value of the scale length has to be chosen so as to reflect an approximately equal value (importance) of a decisionmaking criterion, i.e. there is an uncertainty element at the determination of this parameter, as well. For this purpose, scales lengths are also represented by fuzzy numbers.
The usage of estimates in the form of fuzzy numbers allows considering uncertainty of expert estimates, but it also demands to make changes to the algorithm of the ELECTRE method. 
where
is a membership function of a fuzzy number; j S is a scale on which criteria estimates are set by the criterion j c .
The weight of criteria is also set as a fuzzy number:
In the ELECTRE method, the criteria of agreement and disagreement for structuring alternatives (Roy, 1996) which take into account formulas (1) and (2), are calculated in this way: the criterion of agreement -
is the sum of criteria weights on which the alternative i is better than the alternative k.
It should be noted that the sum of criteria weights is not equal to 1 in the ELECTRE method; the criterion of disagreement -
where kj m is an estimate of the j-criterion by which the alternative k is more preferable than the alternative i; j L is the fuzzy length of the j-criterion scale.
The algorithm of calculations (3) and (4) is determined by a type of fuzzy numbers (Borisov, et al., 2014) . The simplest way is the usage of fuzzy numbers in the LR-representation.
The criteria estimates of different transport types represented in a linguistic form (Tab. 1) are defined on the basis of the apriori information taken from (Tutygin, Boxes, 2010) . The procedure for the criterion "the frequency of departures" is presented in Fig. 3 . Transformations for all other criteria are carried out in the same way. As it was already noted, the ELECTRE method assumes that experts set criteria weights and scales lengths on them, as well as these procedures, need additional research. Let us suppose that experts have chosen the weights and lengths of the scales presented in Table 3 . As it can be seen in the table, the weights of the criteria in the form of LRfuzzy numbers are somewhat different. The lengths of the scales in the form of LR-fuzzy numbers approximately correspond to the criteria estimates, and for the criteria where estimates are given in the form of points, the length of the scale is approximately equal to 1. The main phases of the ELECTRE method: -two indexes (agreement and disagreement) are counted on the basis of the set estimates of two alternatives values. These indexes define agreement and disagreement with a hypothesis that the alternative A dominates the alternative B; -the levels of agreement and disagreement (to which the counted indexes for each couple of alternatives are compared) are set. If the index of agreement is higher than the set level, and a disagreement index is lower, one of the alternatives dominates another. Otherwise, the alternatives are incomparable;
-the dominated alternatives are removed from the set of alternatives. The remained alternatives form the first base. The alternatives entering the base can be either equivalent or incomparable;
-the "weaker" values of the levels of agreement and disagreement (a lower value of the level of agreement, and a higher level of disagreement) are entered to which the bases with a smaller number of alternatives are allocated;
-the last base includes the best alternatives. The sequence of bases determines the order of alternatives by quality.
The levels of agreement C and disagreement D for our example are C=0.582571 and D=0.309467. The values below the level of agreement C and higher than the level of disagreement D are rejected. The base of the dominating alternatives includes the alternatives A, B, C and D (automobile, railway, river and sea means of transport). On the basis of these data, the preference graph is presented in Fig. 6 , showing that the automobile transport is the best one under the given conditions. A fuzzy number is a fuzzy set defined on a real axis; therefore, it is possible to apply a sum operation to fuzzy numbers for structuring alternatives:
The estimates received on formulas (5) and (6) are the integrated values of the agreement and disagreement coefficients by all sets of criteria. Thus, formula (5) characterizes a "soft" approach and formula (6) a "rigid" approach. It is obvious that the most preferable alternative should have the maximum value of i α (Fig. 7 ) and the minimum value of i γ (Fig. 8) . The obtained values of these parameters confirm the result obtained earlier. One more solution of the considered task is possible, due to the existence of uncertainty in the basic data and results (Fig. 9) . The matrixes of the agreement and disagreement coefficients can be considered as the matrixes of the fuzzy values characterizing uncertainty of a situation, so fuzzy entropy can be used for estimating alternative decisions (Chernov, 2014) . It is determined by the classical formula of Shannon (Deshmukh, Khot, 2011) :
Figure 9 -Entropy calculation Рис. 9 -Расчет энтропии Slika 9 -Izračunavanje entropije Entropy is an estimation of an uncertainty level, so the best decision should have the minimum entropy value. The calculations which are carried out by formula (7) confirm the already obtained results -the best is the alternative B. Thus, three different methods of solving the same task led to the same results, which is in full accordance with the methodology of the stability theory according to which the result of data processing is invariant concerning a method of data processing.
Conclusion
It has been proven that taking into account uncertainty in expert estimates allows making a transport type choice more reasonable, based on the example of the considered problem of a transport type choice for a logistic system. The obtained results give the reason to discuss an opportunity of practical application of the modified ELECTRE method in the conditions of uncertainty of expert estimates. Obtaining the same results by different independent methods confirms their validity. 
